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Is cerebral control of plasma [Na] a major determinant for
systemic sodium balance? To evaluate the role of volume expan-
sion for prandial/postprandial natriuresis, we first determined
spontaneous daily NaCl, H2O, and diet turnover and Evans blue
and inulin spaces in male Wistar rats on various high-salt diets.
Second, we measured the time course of Na and water clearance
in chloralose/ketamine anesthetized rats over 270 minutes after a
single intragastric Na load (0, 290.4, or 581 mmol/100 g body
weight). Finally, similar measurements were made during and
after a local [NaCl] increase in the left carotid artery supplying the
brain for 60 minutes. Daily NaCl, H2O, and diet intake per rat was
2 to 74 mmol, 13 to 223 ml, and 1.5 to 33 g, respectively. Only
inulin space and plasma [Na] correlated with daily Na uptake (X;
regressions Y 5 0.02X 1 15.13, N 5 99, r250.0716, P 5 0.02; and
Y 5 141.7 1 0.1005X, N 5 179, r250.104, P , 0.0001, respec-
tively). Under chloralose/ketamine anesthesia, 86% to 102% of
the total (i.v. plus i.g.) Na load and some 50% of the unilaterally
administered intracarotid Na were excreted. Chloralose/ketamine
anesthesia is thus suitable for studies on Na balance mechanisms.
Plasma [Na] is under cerebral control. Because of its immediate
onset, this mechanism might be the principal determinant of
prandial and postprandial natriuresis and hence for the systemic
Na balance.
Sodium balance during raised NaCl intake is achieved by
appropriate responses of renal Na excretion, the signal(s)
for which is/are generally believed to derive principally
from Na retention and a concomitant, proportionate ex-
pansion of extracellular volume (ECV) [1]. Several studies
of chronic dietary salt loading have, however, reported
normal ECV [2, 3]. In these studies, even if ECV were still
the principal determinant for renal Na excretion, additional
(unidentified) signals must be required for a regulation of
the signaling by the ECV(s) and/or the sensitivity of the
kidney to these signals. In any case, the principal role of
ECV(s) in controlling the body’s Na homeostasis must be
questioned. For this reason and to obtain a better descrip-
tion of those parameters believed to be involved in alter-
ation of Na transport activity in the Na-transporting epithelia,
the relation between Na intake, intravascular and extravascu-
lar volume, and the time course of changes in these volumes
was studied during chronic dietary salt loading.
METHODS AND RESULTS
Dietary treatment experiments (protocol 1) were per-
formed on male Wistar rats (Charles River, Sulzfeld,
Germany) weighing 220 to 250 g. Food (Altromin C 1036,
containing various concentrations of NaCl/kg dry food) and
drinking fluids were available ad libitum throughout the
study. Consumption of both was checked daily between
4 p.m. and 8 p.m. throughout the study. Dietary treatment
protocols are given in Table 1. Observation periods were 2
to 14 days. With these regimes, daily Na, water, and diet
intake per rat were 2 to 74 mmol, 13 to 223 ml, and 1.5 to 33 g,
respectively. For all groups except the group on 0.64 g% NaCl
diet and 0.9% saline, the relation between the daily water (Y;
ml) and Na (X; mmol) uptakes was given by the equation Y 5
2.48X 1 16.09 (r250.947, N 5 396); this amounted to a ratio
of approximately 380 mmol NaCl/liter H2O.
Evans blue and intravascular spaces were not signifi-
cantly related to Na uptake (X). The corresponding regres-
sions were Y 5 0.00124X 1 3.74 and Y 5 0.00775X 1 7.91,
respectively (N 5 112 and 102). The inulin space, measured
with clamped renal arteries 30 minutes after inulin injec-
tion, was, however, significantly related (P 5 0.02, N 5 99,
r250.0716, Y 5 0.02X115.13). In addition, the plasma
[Na] (Y) was related significantly to daily Na uptake (X;
regression Y 5 141.7 1 0.1005X, N 5 179, r250.104, P ,
0.0001). Plasma osmolality was a significant correlate of the
daily Na and water uptake and of plasma [Na].
Because classic anesthetics attenuate, or even abolish,
Na balance, we developed a technique for anesthesia
(protocol 2) [4] in which the balance of NaCl loads, applied
acutely and intragastrically (i.g.), is preserved: Rats were
anesthetized with 140 mg/kg body wt chlorase (30 mg
chloralose plus 20 mg di-Na-tetraborate/ml H2O) into a tail
vein and seven minutes later 30 mg/kg body wt ketamine
(80 mg/ml in saline) i.m. and were prepared as for clear-
ance experiments. An esophagostomy was made in the neck
region, and a tube was advanced into the stomach to permit
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i.g. administrations. Surgery was finished within 30 minutes,
and after a subsequent 30-minute equilibration period,
30-minute urine collections were commenced for a total of
12 periods. Arterial blood samples (60 ml) were taken after
the first, second, seventh, and eighth urine collections.
Plasma Na, hematocrit, and plasma protein concentrations
at these times are given in Table 2. At the beginning of the
fourth urine-collection period, a mixture of 4 ml H2O plus
1 g powdered diet containing either no NaCl or 8 g
Fig. 1. Plasma [Na] (A), mean arterial blood
pressure (B), and urinary Na excretion before,
during, and after intracarotid artery infusion of
2 M NaCl (f), fructose (M), or i.v. infusion of 2
M NaCl (E). Dashed line shows onset of Na
excretion after i.g. feeding of a similar NaCl
load.
Table 1. Feeding protocols
Diet Drinking fluid
0.64 g% NaCl Tap water
0.64 g% NaCl 0.9% Saline
0.64 g% NaCl 1.8% Saline
4 g% NaCl Tap water
8 g% NaCl Tap water
8 g% NaCl 0.9% Saline
8 g% NaCl 1.8% Saline
0.64 g% NaCl 2.7% Saline
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NaCl/100 g diet was administered i.g. at 1 or 2 ml/100 g
body wt. Other rats were given only the water at the same
dose, and others remained untreated. Rats given i.g. water
alone or water plus Na-free diet or no i.g. application at all
excreted 126.3 6 50.0, 125.9 6 75.5, and 130.5 6 56.6
mmol/100 g body wt (cumulative over all 12 collection
periods). These amounts were almost identical with the
simultaneous cumulative i.v. NaCl infusion of 138.6 mmol/
100 g body wt. Rats given an additional i.g. Na load of 290.4
or 580.8 mmol/100 g body wt excreted 314.1 6 36.5 and
568.8 6 54.3 mmol/100 g body wt. Analysis of the gastro-
intestinal tract contents at the conclusion of the experi-
ments showed that 227.0 and 420.2 mmol/100 g body wt,
respectively, had been absorbed. Taking this into account,
this earlier mentioned excretion represents 86.1% and
101.8% of the total (i.v. plus i.g.) Na load.
Finally, because Na loading in both conscious and anes-
thetized rats increased plasma [Na] and because increased
[Na] in the cerebrospinal fluid reportedly evokes natriuresis
[5], rats with a chronic carotid artery catheter (protocol 3)
were prepared as mentioned earlier here, and a Na load of
3.32 mmol/min 100 g body wt was infused at 1.66 ml/min
into the carotid artery or, as a control, into the renal vein
for 60 minutes. Assuming a blood flow of 1.5 ml/min 100 g
body wt, this infusion yields an increase in plasma [Na] of
about 3 mM. During the NaCl infusion, natriuresis in-
creased fivefold compared with controls (i.v. infusion of the
same NaCl amount or intracarotid infusion of 2 M fruc-
tose). Despite only unilateral application and despite the
dense collateral circulation between left and right carotid
arteries, about 50% of the infused load was excreted (Fig. 1).
DISCUSSION
Because rats maintain an almost constant intravascular
volume even with excessive Na and water turnover rates
and because plasma [Na] correlates positively with the Na
turnover rate, it is reasonable to assume that under these
experimental conditions, plasma [Na] is the primary and
principal signal for maintenance of Na balance rather than
the extracellular spaces. It appears further that plasma [Na]
is under strict cerebral control (Fig. 1). In the experiments
discussed earlier here, because a unilateral increase of
plasma [Na] by about 3 mM led to the immediate onset of
natriuresis and to an excretion of about 50% of the infused
load, this mechanism might predominate during prandial
and postprandial natriuresis and hence in systemic Na
balance because of its rapid onset. In view of the poor
correlation between plasma [Na] and Na turnover in con-
scious rats, it is reasonable to assume that the cerebral
sensitivity to variations of plasma [Na] is variable and a
function of various other signals [6] related to the Na
balance state of the organism.
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Table 2. Plasma [Na], hematocrit, and plasma protein concentration measured before intragastric feeding (0–90 min) and at 225 and 360 minutes
of the experimental protocol 2
PNa mmol/liter Hct % Pprot g/dl
0–90 min 225 min 360 min 0–90 min 225 min 360 min 0–90 min 225 min 360 min
NaCl 140.1 6 1.9 143.4 6 1.8 140.4 6 1.2 43.0 6 1.3 43.1 6 1.7 42.7 6 1.5 — 5.25 6 0.20 5.34 6 0.32
Control 139.1 6 1.8 140.6 6 1.7 139.2 6 1.8 43.4 6 1.2 42.4 6 1.0 42.8 6 1.5 — 5.42 6 0.21 5.31 6 0.33
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